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Patch	reef	dredged	during	WWII	
Average	Depth	≈	4	m	
Reef	Surveys:	12	&	18	February	2017	
AVIRIS	Overflights:	
							Jan	27,	Feb	7,8	&	22,	and	Mar	3.	



Aviris	Image:	How	do	we	know	that	what	we	think	
we	are	imaging	is	what	we	are	actually	imaging?	

AVIRIS,	03	March	2017	
(f170303t01p00r07)	



Autonomous	Kayak	and	Sensors	
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Towed	Hyperspectral	Radiometer	System	

Rw	=	water	column	reflectance	
Rod	=	Op9cally	deep	water	reflectance	
D	=	water	depth	(m)	
K	=	Kd	+	Ku	
ρb	=	Bo^om	reflectance	

Rw	=	Rod	(1	–	e-KD)	+					e-KD	
ρb	
π

Measurements	 ComputaJons	

Propagate	Ed	through	water	surface	
and	down	to	0.24	m	using	modeled	
values	of	Kd.	
	
Compute	rrs	and	invert	the	shallow-
water	equa9on	for	ρb.	
	
	
	
Compute	Rrs.	

ρb	=	π	eKD		Rw	–	Rod	(1	–	e-KD)	



apg	=	Absorp9on	(all	impuri9es)	
cpg	=	A^enua9on	(all	impuri9es)	
bb			=	Total	backsca^er	

In	Situ	Water	OpJcal	ProperJes:	17	February	2017	
(B.	Russell,	UCONN)	

ComputaJons	

b	=	cpg	–	apg	+	aw	

Total	absorpJon	and	scaeer:	
a	=	apg	+	aw	

Diffuse	AeenuaJon:	

Kµ	=					[1	+	(0.425	µ	–	0.19)					]	
b	
µ

b	
a	

1/2	

(Kirk,	1984)	
µ 	=	average	cosine	

Water	Column	Reflectance:	

rrs	=						gi	
i	bb	

a	+	bb	Σ	
i=1	

2	

g1	=	0.0949;	g2	=	0.0794	
(Gordon	et	al.,	1988)	

Remote	Sensing	Reflectance:	

Rrs	=		
0.52	rrs	
1	–	1.7	rrs	



GoPro	Underwater	Image	(FOV	=	87.5o)	

HyperPro	Radiometer	(FOV	=	8.5o)	



Survey	Track:	12	February	2017	
Path	Length: 	 	3	km	
Survey	Speed: 	 	1	kts.	
Survey	Time:	 	 	1.5	hr	
Sampling	Rate: 	 	1Hz	
Sample	ResoluJon: 	0.5	m	
Number	of	Spectra: 	5000	
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OPTICALLY	DEEP	WATER	

Example	Spectra:	Sand	

GoPro:	43431	
Depth:	3.5	m	

GoPro:	43500	
Depth:	4.0	m	

GoPro:	43537	
Depth:	3.8	m	

GoPro:	43602	
Depth:	3.8	m	



Example	Spectra:	Coral	

GoPro:	43348	
Depth:	2.5	m	

GoPro:	43386	
Depth:	2.1	m	

GoPro:	43571	
Depth:	2.6	m	

GoPro:	43648	
Depth:	2.7	m	

OPTICALLY	DEEP	WATER	



Example	Spectra:	Turf	Algae	

OPTICALLY	DEEP	WATER	

GoPro:	42803	
Depth:	2.7	m	

GoPro:	42807	
Depth:	2.8	m	

GoPro:	42811	
Depth:	3.1	m	

GoPro:	42820	
Depth:	2.7	m	



Time	(Local)	hr	

Transect:	Boat	Basin	 1	 2	 3	 4	 5	 6	 7	 8	 9	

Average	=		3.6o 	6.9o	

Effects	of	Buoy	OrientaJon	and	Clouds?	
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AVIRIS	Vs.	Kayak	Rrs	
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Deep	Water	

Kayak	
(12	Feb)	
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Red	Edge	Signal	

(C.	Mazel,	Unpublished)	
Pori9es	(blue)	
Pori9es	(green)	
Pori9es	(brown)	
Turf	Algae	
Carbonate	Sand	

In	Situ:	Coconut	Reef	

Red	Edge	

Wavelength	nm	

Benthic	Reflectance	
(Hochberg	et	al.,	2003)	
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Red	Edge	Signal	
AVIRIS:	Patch	Reefs	
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In	Situ:	Coconut	Reef	

Red	Edge	

Coral:	D	=	2.0-3.0	m	
Coral:	D	=	3.0-4.0	m	
Algae:	D	=	1.5-2.5	m	
Sand:	D	=	3.0-4.0	m	
Deep	Water;	D	>	14	m	



The	Red	Edge	Height	ComputaJon	

RBL(λREH)	=	
rrs(λ2)	–	rrs(λ1)	

λ2	–	λ1	
(λREH	–	λ1)	+	Rrs(λ1)	

REH	=	Rrs(λREH)	-	RBL(λREH)		

REH	

Rrs(λ2)	

Rrs(λ1)	
Rrs(λREH)	

RBL(λREH)	

λ1	 λ2	λREH	



In	Situ:	Coconut	Reef	

Coral: D = 1.5-2.5 m; N = 105 
Coral: D = 3.0-3.5 m; N = 345 
Coral: D = 3.5-4.5 m; N = 144 
Algae: D = 1.5-2.5 m; N = 10 
Sand: D = 3.5-5.0 m; N = 386 
Deep Water; D > 14 m; N = 1,464 

Red	Edge	Height	
AVIRIS:	Patch	Reefs	
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Concluding	Remarks	
Autonomous	approaches	to	collecJng	in	situ	observaJons	
over	shallow	coastal	environments	(e.g.,	coral	reefs)	in	
support	of	remote	sensing	are	emerging	rapidly.	

The	diversity	of	condiJons	represented	within	
autonomous	data	sets	allows	many	more	quesJons	to	be	
asked	within	the	context	of	remote	sensing	including	
vicarious	calibraJon,	sources	of	uncertainty,	and	empirical	
approaches	to	algorithm	development.	

In	situ	reflectance	does	not	appear	to	be	significantly	
impacted	by	radiometer	orientaJon	or	cloud	cover.	

A	preliminary	comparison	between	AVIRIS	and	in	situ	
reflectance	is	quite	good	in	both	magnitude	and	spectra.	


